although not drastic, decrease in thermal stability with increasing chlorine content in these systems. Much greater (thermal) stability, as well as enhanced oxidative stability, was evidenced for decachlororuthenocene than for decachloroferrocene. In connection with the thermal analytical investigation, mesophases were discovered in 1, 1', 2, 2'-tetrachloroferrocene, 1, 1?, 2, 2?, 3, 3?, 4, 4-octachloroferrocene and decachlororuthenocene, some of which appeared to be liquid crystalline in nature.
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INTRODUCTION
The recently reported (Reference 1) synthesis of decachloroferrocene (Ie), decachlororuthenocene (III) and the related polychlorinated compounds (Ib-Id and Ilb-IIe) affords an opportunity for investigating the effect of increasing numbers of electron-withdrawing substituents on the thermal and oxidative properties of metallocenes.
(Rn = H Unless Otherwise Indicated)
Two decasubstituted derivatives of ferrocene have previously been reported, decaethylferrocene (Reference 2) and decamethylferrocene (References 3 and 4).
Only the latter compound was fully characterized, with melting points of One significant implication of the high oxidative stability of the highly chlorinated ferrocenes is that reactions or studies in strong oxidizing environments, impossible with ordinary ferrocene derivatives, may be carried out with these novel ferrocenes. The enhanced oxidation stability displayed by the higher chlorinated ferrocenes might also be attributed to steric protection of the iron atom by the chlorine atoms. That such an explanation is not valid is shown by the fact that decamethylferrocene, as mentioned above, shows the predicted decrease in oxidation potential, since methyl and chlorine groups can be considered as sterically equivalent.
Decachlororuthenocene was dissolved in carbon tetrachloride and stirred at 23' with concentrated nitric acid. The material was recovered unchanged after 68 hours, demonstrating an enhancement in oxidation stability for the ruthenocene system (ruthenocene itself is oxidized immediately by concentrated nitric acid) analogous to that obtained for the ferrocene system.
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The melting and decomposition points of the unsymmetrically chlorinated derivatives fib-lIe were determined in sealed capillary tubes under nitrogen and are given in Table I . The decomposition points show a downward trend with increasing chlorine content, in accord with the expected destabilizing effect of these electron-withdrawing substituents.
A more thorough study of the thermal behavior of the symmetrically chlorinated derivatives Ia-Ie and III was carried out by means of differential scanning calorimetry. The results are shown in Table IL . A downward trend in decomposition temperatures with increasing chlorine content is noticeable for Ia-Id. The decomposition of le occurs from the solid state and therefore cannot be correlated with the liquid state decomposition occurring with Ia-Id.
The significantly higher decomposition of Ill versus that of le, however, can be interpreted as demonstrating much greater thermal stability for the perchlorinated ruthenocene system over that of the perchlorinated ferrocene system.
Some interesting anomalies can be seen from the data in Table H The 118-121° endotherm for lb and the 169.5-173' endotherm for Id are both significantly greater in intensity than the corresponding melting point endotherms for these compounds. To our knowledge, this is the first reported case of a plastic or liquid crystalline state being observed in a ferrocene or ruthenocene
derivative.
An interesting substantiation of the enhanced oxidation resistance in Id and le is the observation that the decomposition points of these compounds are unchanged when obtained in air, whereas lb and Ic begin to decompose above 190O in air.
AFML-TR-71-267 13. ABSTRACT Polychlorinated metallocenes, including the recently synthesized decachloroferrocene and decachlororuthenocene, were investigated to determine the effect of increasing number of electron-withdrawing substituents on the thermal and oxidative stability of such metallocenes. Thermal analysis, including use of differential scanning calorimetry, indicated a definite, although not drastic, decrease in thermal stability with increasing chlorine content in these systems. Much greater (thermal) stability, as well as enhanced oxidative stability, was evidenced for decachlororuthenocene than for decachloroferrocene. In connection with the thermal analytical investigation, mesophases were discovered in 1, 1', 2, 2'-tetrachloroferrocene, 1, 1', 2, 2', 3, 3?, 4, 4'-octachloroferrocene and decachlororuthenocene, some of which appeared to be liquid crystalline in nature.
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